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Description 

MOTHERBOARD UTILIZING A 
SINGLE-CHANNEL MEMORY 
CONTROLLER TO CONTROL MULTIPLE 
DYNAMIC RANDOM ACCESS MEMORIES 

Background of Invention 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a motherboard with a 
single-channel memory controller. In particular, the 
present invention discloses a motherboard utilizing a sin- 
gle-channel memory controller to control multiple dy- 
namic random access memories. 

[0003] 2. Description of the Prior Art 

[0004] Please refer to Fig.l, which is a block diagram of a prior 
art computer system 10. A central processing unit (CPU) 
12 is used for controlling the overall operation of the 
computer system 10. A north bridge circuit 14 is used for 
controlling signal transmission between high-speed pe- 



ripheral devices (a display controller 18 and a memory de- 
vice 20 for example) and the CPU 12. However, a south 
bridge circuit 16 is used for controlling signal transmis- 
sion between low-speed peripheral devices (a hard-disk 
drive 22 and an input/output device 24 for example) and 
the north bridge circuit 14. The display controller 18 is 
used for processing graphics data to generate video sig- 
nals to drive a monitor (not shown). The memory device 
20 is a volatile storage device for keeping volatile data. 
However, the hard-disk drive 22 is a storage device for 
keeping non-volatile data. The input/output device 24 is 
used for receiving signals triggered by a user or for out- 
putting data. 

[0005] Generally speaking, the north bridge circuit 14 has one 
memory controlling unit 26 for controlling data storage 
and data retrieval of the memory device 20. In other 
words, the memory controlling unit 26 and the corre- 
sponding memory device 20 establish a memory access- 
ing system 28. Concerning the computer system 10, it 
needs the memory accessing system 28 to work normally. 
For example, codes of an operating system stored by the 
hard-disk drive 22 are loaded into the memory device 20 
through the south bridge circuit 16 and the memory ac- 



cessing system 28 when the computer system 10 is suc- 
cessfully booted via a prior art power-on-self-test (POST) 
procedure. Then, the CPU 12 reads the codes of the oper- 
ating system with the help of the memory accessing sys- 
tem 28, and executes the operating system to manage 
hardware of the computer system 10 and application soft- 
ware run by the computer system 10. To sum up, opera- 
tions of computer components are correctly completed 
through utilizing the memory accessing system 28 to 
store data in the memory device 20 and retrieve data from 
the memory device 20. 
[0006] Please refer to Fig. 2, which is a diagram of a first prior art 
memory accessing system 30. The memory accessing sys- 
tem 30 includes a memory controller 32 and a plurality of 
memory slots 34a, 34b, 34c. The memory controller 32 is 
used for constructing the memory controlling unit 26 
shown in Fig.l. That is, the memory controller 32 is posi- 
tioned inside the north bridge circuit 14 shown in Fig.l. 
The memory slots 34a, 34b, 34c are used for installing 
memory modules to construct the memory device 20 
shown in Fig.l. For example, the memory slots 34a, 34b, 
34c are prior art single inline memory module (SIMM) slots 
or prior art dual inline memory module (DIMM) slots. It is 



well-known that a memory module conforming to the 
SIMM specification has a 32-bit data channel, and a mem- 
ory module conforming to the DIMM specification has a 
64-bit data channel. An input/output port A of the mem- 
ory controller 32 is electrically connected to correspond- 
ing memory data transmission routes 42a, 42b, 42c of the 
memory slots 34a, 34b, 34c through a memory data bus 
36. In addition, one output port B of the memory con- 
troller 32 is electrically connected to corresponding mem- 
ory address transmission routes 44a, 44b, 44c of the 
memory slots 34a, 34b, 34c through a memory address 
bus 38, and another output port C of the memory con- 
troller 32 is electrically connected to corresponding con- 
trol signal transmission routes 46a, 46b, 46c of the mem- 
ory slots 34a, 34b, 34c through a control signal bus 40. 
The memory data bus 36, the memory address bus 38, 
and the control signal bus 40 are respectively used for 
transferring memory data, memory addresses, and control 
signals associated with the installed memory modules. For 
instance, the control signals include a clock enable (CKE) 
signal, a chip select (CS) signal, a row address strobe 
(RAS) signal, a column address strobe (CAS) signal, a write 
enable (WE) signal, etc. 



[0007] It is well-known the memory controller 32 shown in Fig. 2 
is a single-channel memory controller, that is, the mem- 
ory controller 32 uses the same buses 36, 38, 40 for de- 
livering memory data, memory addresses, and control 
signals to different memory modules. However, the oper- 
ating clock of the CPU 12 now corresponds to a higher 
frequency than before, and the CPU 12 is capable of pro- 
cessing a great amount of data. Therefore, the memory 
accessing system 30 adopting the single-channel archi- 
tecture is unable to satisfy the user who asks for better 
data processing performance. In order to improve perfor- 
mance of the computer system 10, a dual-channel archi- 
tecture is applied to boost performance of the memory 
device 20. 

[0008] Please refer to Fig. 3, which is a diagram of a second prior 
art memory accessing system 50. A memory controller 
52a has an input/output port A^, an output port B^, and 
an output port C^ respectively connected to transmission 
routes 62a, 62b, 64a, 64b, 66a, 66b through a memory 
data bus 56a, a memory address bus 58a, and a control 
signal bus 60a for controlling the memory slots 54a, 54b. 
In addition, another memory controller 52b has an input/ 
output port A , an output port B , and an output port C 



respectively connected to transmission routes 62c, 64c, 
66c through a memory data bus 56b, a memory address 
bus 58b, and a control signal bus 60b for controlling the 
memory slots 54c. 
[0009] When the memory accessing system 50 enables the dual- 
channel architecture, it is well-known that the memory 
controllers 52a, 52b are activated to control memory 
modules inserted into different memory slots. As shown in 
Fig. 3, the memory controller 52a is electrically connected 
to both of the memory slots 54a, 54b, and the memory 
controller 52c is electrically connected to the memory slot 
54c. Therefore, in order to enable the dual-channel archi- 
tecture, one memory module has to be inserted into either 
the memory slot 54a or the memory slot 54b, and another 
memory module has to be inserted into the memory slot 
54c. The memory controllers 52a, 52b work individually. If 
the memory data buses 56a, 56b are 64-bit buses, the 
actual memory data bus between the memory controlling 
unit 26 and the memory device 20 shown in Fig.l is 
equivalent to a 128-bit bus with the help of the activated 
dual-channel architecture. In other words, data accessing 
performance of the memory device 20 is greatly im- 
proved. 



[0010] The memory accessing system 50 also can enable a sin- 
gle-channel architecture. That is, only one of the memory 
controllers 52a, 52b is activated. For instance, when the 
memory controller 52a is selected, two memory modules 
can be inserted into the memory slots 54a, 54b. There- 
fore, the installed memory modules have to share the 
same channels such as the memory data bus 56a, the 
memory address bus 58a, and the control signal bus 60a. 

[0011] As mentioned above, the layout of a motherboard merely 
supporting the single-channel architecture can not di- 
rectly support the dual-channel architecture without 
modifying the original layout design. However, before the 
dual-channel architecture completely replaces the single- 
channel architecture, the demand for motherboards only 
supporting the single-channel architecture still exists. 
Therefore, in order to cut down the research cost and the 
development cost, it is necessary for the motherboard 
manufacturer to design a motherboard having a circuit 
layout that is suitable for installing either a single-channel 

memory controller or a dual-channel memory controller. 
Summary of Invention 

[0012] It is therefore a primary objective of this invention to pro- 
vide a motherboard utilizing a single-channel memory 



controller to control multiple dynamic random access 
memories. 

[0013] Briefly summarized, the preferred embodiment of the 

present invention provides a motherboard having a first 
memory slot, a second memory slot, and a single-channel 
memory controller electrically connected to the first mem- 
ory slot and the second memory slot respectively through 
a first bus and a second bus. 

[0014] The present invention also provides a computer system 
having a first dynamic random access memory, a second 
dynamic random access memory, and a single-channel 
memory controller connected to a first bus and a second 
bus respectively for controlling the first dynamic random 
access memory and the second dynamic random access 
memory. 

[0015] In addition, the present invention provides a package hav- 
ing a single-channel memory controller, a plurality of first 
external contacts electrically connected to a memory data 
input/output port, a memory address output port, and a 
control signal output port of the single-channel memory 
controller. A plurality of second external contacts are 
electrically connected to the memory data input/output 
port, the memory address output port, and the control 



signal output. The first external contacts are used for 
connecting a first memory bus, and the second external 
contacts are used for connecting a second memory bus. 

[0016] It is an advantage of the present invention that a mother- 
board originally corresponding to a dual-channel archi- 
tecture is transformed into a motherboard running a sin- 
gle-channel architecture with all of the memory slots ca- 
pable of being simultaneously utilized to install memory 
modules. Even if the motherboard originally has a circuit 
layout for a dual-channel architecture, a motherboard 
manufacturer does not need to re-design the circuit lay- 
out of the motherboard to let all of the memory slots be 
available to the single-channel architecture. 

[0017] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiments, which are illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0018] Fig.l is a block diagram of a prior art computer system. 

[0019] Fig. 2 is a diagram of a first prior art memory accessing 
system. 



[0020] Fig. 3 is a diagram of a second prior art memory accessing 
system. 

[0021] Fig. 4 is a diagram of a memory accessing system accord- 
ing to the present invention. 
Detailed Description 

[0022] Please refer to Fig. 4, which is a diagram of a memory ac- 
cessing system 70 according to the present invention. The 
memory accessing system 70 is applied on the computer 
system 10 shown in Fig.l. Because the operation of the 
computer system 10 has been described above, the re- 
peated description for the computer system 10 is sl<ipped 
without affecting the technical disclosure of the present 
invention. In the preferred embodiment, the memory ac- 
cessing system 70 has a memory controlling unit 72 and a 
plurality of memory slots 74a, 74b, 74c. Memory modules 
can be installed into the memory slots 74a, 74b, 74c to 
construct the memory device 20 shown in Fig.l. For ex- 
ample, the memory slots 74a, 74b, 74c are single inline 
memory module (SIMM) slots or dual inline memory mod- 
ule (DIMM) slots. Therefore, a memory module conforming 
to the SIMM specification has a 32-bit data channel, and a 
memory module conforming to the DIMM specification has 
a 64-bit data channel. 



[0023] An input/output port of the memory controlling unit 

72 is electrically connected to corresponding memory data 
transmission routes 82a, 82b of the memory slots 74a, 
74b through a memory data bus 76a. An output port of 
the memory controlling unit 72 is electrically connected to 
corresponding memory address transmission routes 84a, 
84b of the memory slots 74a, 74b through a memory ad- 
dress bus 78a, and an output port of the memory con- 
trolling unit 72 is electrically connected to corresponding 
control signal transmission routes 86a, 86b of the mem- 
ory slots 74a, 74b through a control signal bus 80a. In 
addition, an input/output port A^ of the memory control- 
ling unit 72 is electrically connected to a corresponding 
memory data transmission route 82c of the memory slot 
74c through a memory data bus 76b, an output port of 
the memory controlling unit 72 is electrically connected to 
a corresponding memory address transmission route 84c 
of the memory slot 74c through a memory address bus 
78b, and an output port of the memory controlling unit 
72 is electrically connected to a corresponding control 
signal transmission route 86c of the memory slot 74c 
through a control signal bus 80b. As shown in Fig. 4, the 
buses 76a, 78a, 80a on the motherboard are viewed as a 



first memory bus corresponding to one cliannel, and the 
buses 76b, 78b, 80b on tlie motlierboard are viewed as a 
second memory bus corresponding to another channel. 
[0024] jhe memory data buses 76a, 76b are used for delivering 
memory data outputted from the memory controlling unit 
72 to the memory modules installed into the memory 
slots 74a, 74b, 74c, and are used for transferring memory 
data retrieved from the memory modules installed into the 
memory slots 74a, 74b, 74c to the memory controlling 
unit 72. The memory address buses 78a, 78b are used for 
delivering memory addresses outputted from the memory 
controlling unit 72 to the memory modules installed into 
the memory slots 74a, 74b, 74c. In addition, the control 
signal buses 80a, 80b are used for transferring control 
signals generated from the memory controlling unit 72 to 
the memory modules installed into the memory slots 74a, 
74b, 74c. For instance, the control signals include a clock 
enable (CKE) signal, a chip select (CS) signal, a row ad- 
dress strobe (RAS) signal, a column address strobe (CAS) 
signal, a write enable (WE) signal, etc. In the preferred 
embodiment, the memory controlling unit 72 only in- 
cludes one memory controller 75. Therefore, with regard 
to a circuit layout of a motherboard supporting a dual- 



channel architecture, the preferred embodiment is capable 
of making use of all memory slots 74a, 74b, 74c for a sin- 
gle-channel architecture. The principle of the preferred 
embodiment is described as follows. 
[0025] As mentioned above, the memory controlling unit 72 is 
positioned within a north bridge circuit. It is well-known 
that a die corresponding to the north bridge circuit is po- 
sitioned in a package according to a predetermined pack- 
aging technology. For example, the die corresponding to 
the north bridge circuit is positioned inside a ball grid ar- 
ray (BGA) package. That is, the die is loaded on a sub- 
strate, and a bottom of the substrate has a plurality of 
solder balls functioning as contacts used for connecting 
corresponding points on a motherboard. In addition, the 
contacts or so-called bailouts are electrically connected to 
the die for transmitting operating voltages and signals of 
the north bridge circuit. The input/output ports A^, A^, 
output ports B^, B^, and the output ports C^, respec- 
tively correspond to bailouts of the BGA package. There- 
fore, when the BGA package corresponding to the north 
bridge circuit is installed on a motherboard, the input/ 
output ports A^, A^, output ports B^, B^, and the output 
ports C^, are capable of being electrically connected to 



the memory data buses 76a, 76b, the memory address 
buses 78a, 78b, and the control signal buses 80a, 80b 
positioned on the motherboard. 
[0026] Suppose that the memory data buses 76a, 76b are 64-bit 
buses. Therefore, the memory data bus 76a has a plurality 
of transmission lines D -D , and the memory data bus 

0 63 ' 

76b has a plurality of transmission lines D -D" . In addi- 
^ ' 0 63 

tion, the input/output port has 64 bailouts connected 
to the transmission lines D^-D^^, and the input/output 
port also has 64 bailouts connected to the transmis- 
sion lines D -D . Within the substrate of the package, the 

0 63 3 > 

input/output port A^ is electrically connected to the in- 
put/output port A^. In other words, a bailout correspond- 
ing to a transmission line D"^ is electrically connected to a 
bailout corresponding to a transmission line (0 




n 




63). Similarly, the connection rule for the bailouts corre- 
sponding to the output ports B^, and the bailouts cor- 
responding to the output ports C^, is identical to the 



above-mentioned rule for connecting the input/output 
port A^- 

[0027] Please note that the circuit layout of the motherboard as- 
sociated with the memory slots 74a, 74b, 74c shown in 
Fig. 4 corresponds to a dual-channel architecture. That is, 
contacts on the motherboard corresponding to the input/ 
output port A^, the output port B^, and the output port 
are originally used for connecting a memory controller, 
and contacts on the motherboard corresponding to the 
input/output port A^^, the output port B^, and the output 
port are originally used for connecting another memory 
controller. In other words, according to the circuit layout 
corresponding to the dual-channel architecture, the 
memory controlling unit 72 ought to have two memory 
controllers. However, in the preferred embodiment, only 
one memory controller 75 is positioned inside the mem- 
ory controlling unit 72. In addition, both of the input/ 
output ports A^, A^ are connected to an input/output port 
of the memory controller 75, both of the output ports B^, 
B^ are connected to an output port B of the memory con- 
troller 75, and both of the output ports C^, are con- 
nected to an output port C of the memory controller 75 
with the allocation of bailouts on the claimed package 



mating with tlie allocation of contacts on the mother- 
board. 

[0028] As mentioned above, the die corresponding to the north 
bridge circuit is positioned inside a paclcage according to 
a predetermined pacl<aging technology. In other words, 
the die includes the circuitry of the memory controller 75. 
In the preferred embodiment, the bailouts of the input/ 
output ports A^, are electrically connected through 
traces within the substrate of the package, and the input/ 
output ports A^, A^ are also electrically connected to the 
input/output port A through the traces routed in the sub- 
strate of the package. By the same means, the output 
ports B^, B^ are electrically connected to the output port B, 
and the output ports C^, are electrically connected to 
the output port C. 

[0029] Suppose that memory modules are simultaneously in- 
stalled into all of the memory slots 74a, 74b, 74c. As 
shown in Fig. 4, the memory address outputted from the 
output port B of the memory controller 75 is delivered to 
memory address transmission routes 84a, 84b, 84c of the 
memory slots 74a, 74b, 74c through the output ports B^, 
B^ and the corresponding memory address buses 78a, 
78b. In addition, the control signal outputted from the 



output port C of the memory controller 75 is delivered to 
control signal transmission routes 86a, 86b, 86c of the 
memory slots 74a, 74b, 74c through the output ports C^, 
and the corresponding control signal buses 80a, 80b. 
Therefore, control circuits (row decoder, column de- 
coders, writing circuits, or sense amplifiers for example) 
inside the memory modules installed into the memory 
slots 74a, 74b, 74c can store data into memory cells of 
the memory modules or read data from memory cells of 
the memory modules according to the control signals re- 
ceived from the control signal transmission routes 86a, 
86b and memory addresses received from the memory 
address transmission routes 84a, 84b. 
[0030] Concerning the data storage, the memory controller 75 
outputs memory data out of the input/output port A, and 
the memory data are further delivered to memory data 
transmission routes 82a, 82b of the memory slots 74a, 
74b and the memory data transmission route 82c of the 
memory slot 74c through bailouts of the input/output 
ports A^, A^. With regard to the data retrieval, the memory 
data retrieved from the memory modules are delivered to 
bailouts of the input/output ports A^, A^ through the 
memory data buses 76a, 76b. Because both of the input/ 



output ports A^, are connected to the identical input/ 
output port A, the memory data retrieved from the mem- 
ory modules, therefore, are passed to the memory con- 
troller 75. 

[0031] As mentioned above, the circuit layout for the memory 

slots 74a, 74b, 74c positioned on the motherboard corre- 
sponds to the dual-channel architecture. Therefore, the 
memory data bus 76a, the memory address bus 78a, and 
the control signal bus 80a are respectively connected be- 
tween the memory slots 74a, 74b and bailouts of the in- 
put/output port A^, the output port B^, and the output 
port C^, and the memory data bus 76b, the memory ad- 
dress bus 78b, and the control signal bus 80b are respec- 
tively connected between the memory slots 74b and ball- 
outs of the input/output port A^, the output port B^, and 
the output port C^. For the package of the north bridge 
circuit, the input/output ports A^, A^, the output ports B^, 
B^, and the output ports C^, correspond to different 
bailouts. However, The preferred embodiment utilizes a 
single memory controller 75 on a motherboard with a cir- 
cuit layout originally supporting a dual-channel architec- 
ture. 

[0032] Different bailouts corresponding to the input/output ports 



A^, are connected together through traces routed 
within the substrate of the package. Similarly, different 
bailouts corresponding to the input/output ports B^, 
are connected together through traces routed within the 
substrate of the package, and different bailouts corre- 
sponding to the input/output ports C^, are connected 
together through traces routed within the substrate of the 
package. For the memory controller 75, the original con- 
figuration of the memory slots 74a, 74b, 74c on the 
motherboard is equivalent to a single-channel architec- 
ture after the claimed memory controlling unit 72 is in- 
stalled, and the memory controller 75 is capable of con- 
trolling memory modules installed into the memory slots 
74a, 74b, 74c according to the single-channel architec- 
ture. Therefore, when the memory accessing system 70 
enables the single-channel architecture, all memory slots 
74a, 74b, 74c on the motherboard can be used for in- 
stalling memory modules. Please note that if the memory 
controlling unit 72 has two independent memory con- 
trollers, the memory slots 74a, 74b, 74c can be used for 
activating the dual-channel architecture. That is, from the 
circuit design shown in Fig. 3, it is obvious that the circuit 
layout for memory slots 74a, 74b, 74c positioned on the 



motherboard can successfully enable the dual-channel ar- 
chitecture. 

[0033] As mentioned above, even if the circuit layout associated 
with the memory slots 74a, 74b, 74c on the motherboard 
is designed for the well-known dual-channel architecture, 
the present invention discloses that a north bridge circuit 
having a single memory controller 75 is capable of simul- 
taneously controlling all memory modules installed into 
the memory slots 74a, 74b, 74c through appropriate 
traces routed for the memory controlling unit 72 inside 
the corresponding package. That is, the memory con- 
troller 75 now adopts the single-channel architecture to 
connect the memory slots 74a, 74b, 74c. Therefore, the 
manufacturer of the motherboard manufactures mother- 
boards supporting the dual-channel architecture accord- 
ing to the circuit layout shown in Fig. 3. However, the pre- 
ferred embodiment, as shown in Fig. 4, installs the mem- 
ory controlling unit 72, which has one memory controller 
75, onto the motherboard corresponding to the circuit 
layout shown in Fig. 3. 

[0034] In addition, the allocation of contacts on the motherboard 
for the input/output ports A^, A^, the output ports B^, B^, 
and the output ports C , C is unchanged. Through utiliz- 



ing traces routed in the substrate of the package to build 
a connection between the input/output ports A^, A^, a 
connection between the output ports B^, B^, and a con- 
nection between the output ports C^, C^, the memory 
slots 74a, 74b, 74c can be used for installing memory 
modules that work according to the single-channel archi- 
tecture. In other words, all of the memory slots can be 
fully utilized for the enabled single-channel architecture 
when a new north bridge circuit, which has the claimed 
memory controlling unit and has bailouts compatible with 
the original allocation of contacts on the motherboard, re- 
places the original north bride circuit. Therefore, the 
motherboard manufacturer does not need to re-design 
the circuit layout of the motherboard. 



